ABSTRACT Hydrodynamic interaction is included in the description of ternary polymer solutions (two polymers or a block copolymer mixed with a solvent). The effect of hydrodynamic interaction on the two decay rates (of the so called "slow" and "fast" modes) is assessed for dilute and semidilute solutions where Rouse dynamics are not appropriate. The Kubo formula was used to express the generalized mobilities in terms of the Oseen tensor and the static structure factors (convolution integral). The random phase approximation was used to express the interacting system static structure factors. A concentration blob concept allows the incorporation of hydrodynamic interaction inside each blob. Specific cases are discussed.
Introduction
There has been a great deal of attention given to the dynamics of ternary polymer mixtures involving two polymers in dilute/semidilute solution.l-lO Experimental data have been reported using quasielastic light or neutron scattering from either two homopolymers or a block copolymer in solution. Two modes are observed and are referred to as the "slow" (or "interdiffusion") mode and the "fast" (or "cooperative diffusion") mode. These two modes are not in general pure normal modes1' except in special cases (matched degrees of polymerization, common good solvent, etc.). In order to interpret such data, a modell based on Rouse dynamics (i.e., neglecting hydrodynamic interaction) has been used. Since hydrodynamic interaction may be important in dilute and semidilute solutions, it is included here using a simple approach. A concentration blob concept allows the incorporation of hydrodynamic interaction inside each blob. The approach used to include hydrodynamic interaction is a straightforward application of the Kubo formula expressing the generalized mobilities in terms of a convolution (in reciprocal space) over the Oseen tensor and the interacting structure factors. The random phase approximation (RPA) is used to express the various interacting structure factors in terms of excluded volumes and ideal (bare) structure factors. The formalism is developed first for an incompressible multicomponent polymer mixture in solution, and then it is applied to the ternary cases of two homopolymers or a block copolymer in solution.
General Formalism
Consider a multicomponent polymer mixture consisting of n different polymers and a solvent. In the homogeneous one-phase region, the dynamics of this system are characterized by n modes. Defining the static structure factor matrix S(q) composed of the n2 partial structure factors Su(q), Sm(q), etc., and the first cumulant matrix A(q) (n2 components also), the dynamic structure factor matrix S ( q , t ) is given by the general relation12 S ( s , t ) = exp[-A(q)tIS(q) (1) and the generalized mobility matrix is m(q) = A(q)S(q)/ kBTq2.
In order to describe intermediate concentrations (such as in semidilute solutions) it is common to introduce concentration "blobs" (of size 0 where hydrodynamic interaction is important within each blob but becomes screened for monomers that belong to different blobs. The polymer solution can therefore be described as a mixture of concentration blobs. The two extreme limits in concentration (dilute solution and melt limits) are readily recovered when the blob size gets large (of the order of the radius of gyration R,) for the dilute solution limit and when the blob size is equal to the monomer size (statistical segment length b) for the melt limit (Le., when no solvent is present).
A correlation length of the form
could be used in order to estimate the blob size (here 4 is the total polymer volume fraction and 4* is the overlap volume fraction). Equation 2 represents an interpolation formula that gives 1/44/3 and reproduces the desired limits at the semidilute and melts limits. Because the focus of this paper is on dilute and semidilute polymer solutions (where hydrodynamic interaction is important), the formalism presented here does not apply to the melt limit whereby the dynamic RPA13 should be used in order to recapture the inverse superposition rule for mobilities.
At intermediate concentrations, the mobility matrix m can be expressed in terms of a convolution of the Oseen tensor and of the static structure factors matrix (Kubo formula) as
where T33(q) is the longitudinal component of the Oseen tensor (Le., along the q direction):
mR is the Rouse term contribution, 7 is the viscosity, and 6 is an n X n diagonal matrix with elements ~M~A U A where 6m is the Kronecker 6 function and @A and U A are the volume fraction and monomer volume for component A. Rouse mobilities are expressed in terms of the volume fractions ($A) and friction coefficients (EA) as mAR = ~A u A / ,$A. The static RPA can be used to express the structure factor matrix S(k)
in terms of the excluded volume matrix V and ideal (also called "bare") structure factor matrix S,(k) (here I is the identity matrix). Combining these two equations, the T&) = 11 -( k . q Y /~~I / s k~
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The k integration is split into two parts,14 [m(q) -mR = mL(q) + m~( q ) l : one "low-k" part, mL(q) (for k < 27r/D, to account for interblob interactions and one "high-k" part, mH(q) (for k > 27r/n, to account for interactions within each blob. Note that for k < 2u/r the interaction parameters, degrees of polymerization, and molar volumes refer to blobs, not monomers, and the mixture viscosity qm should be used in the expression of the Oseen tensor whereas for k > 2u/{ the solvent viscosity q8 should be used. Since qm >> qr, hydrodynamic interaction plays a minor role between blobs while it is important inside the blobs. For simplicity, a sudden jump from qm to qs is assumed for k = 27r/{ (smoother variations could be used instead). The polymer mixture viscosity can be related to the solvent viscosity as qm = q&e/ rwhere R, is an average polymer radius of gyration.
Inside each blob, single-chain, and interchain contributions can be separated out:
For dilute solutions (linear virial expansion) a known result15
is recovered. In concentrated polymer solutions, hydrodynamic interaction becomes small (because mL(q) has a small contribution and mH(q) becomes negligible). It should be noted that mH(q) > mL(q) except at the melt limit or close to a critical point (where critical slowing down makes mH(q) very small).
Ternary Polymer Mixtures
The general formalism can be applied to an incompressible ternary polymer mixture (two homopolymers or a block copolymer in solution). Dropping the momentum transfer q for notation convenience, the various intermediate scattering functions are given by16
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These equations have been reported previoualy12J6 and have been applied to the interpretation of dynamic scattering measurements from ternary polymer mixtures (two polymers in solution) using a Rouse model (i.e., neglecting hydrodynamic interaction).l-1° The elements of A AM e q2kBT[mM& -mmSBAI/(SMSBB -SA&,)
and the remaining integration (over the magnitude k) is performed numerically.
When A and B are homopolymers, the static RPA gives 
Specific Cases
Considering typical parameters for a temary mixture of two homopolymers in solution, a number of figures have been generated based on the formalism described above. Here $A and 4~ are the volume fractions for components A and B respectively, 4 is the total polymer volume fraction Rouse limit (no hydrodynamic interaction), X 2 / q 2 first increases and then decreases while when hydrodynamic interaction is included, Xdq2 decreases for low 9.
Discussion
Temary incompressible polymer mixtures (two polymers in solution) can sustain two modes; one of which (the cooperative mode) is dominated by polymer-solvent interactions while the other one (the interdiffusion mode) is dominated by polymer-polymer interactions. Hydrodynamic interaction is important in dilute and semidilute solutions whereas it becomes screened in concentrated solutions and melts. The formalism used here still cannot account for entanglement (viscoelastic) effecta which may contribute at high polymer concentrations and in melts.
The static RPA has been used in order to express the interacting static structure factors. Keeping in mind the solutions (due to the neglect of density fluctuations), the approach outlined here is an improvement over the Rouse dynamics model that has been used so far in order to interpret the experimentally observed trends of the slow/ fast modes. It is interesting to note two features that can be observed in Figures 2a and 4 . Figure 2a 
